Introduction

S
ince 2008, French Health Authorities have been developing indicators of quality and safety of care (IQSCs), which are currently imposed for all health establishments. In addition to internal steering, these indicators should also meet the demand for transparency by users and facilitate decision-making regarding intervention policies at regional and national levels. Pressure ulcer risk is one of these IQSCs. It is evaluated based on clinical judgment and assessment scales, none of which can report perfect reliability or validity for certain populations, such as patients with spinal cord injury (SCI). 1 The incidence of traumatic SCI in European countries ranges from 5.5 to 195.4 cases per million inhabitants 2 with 19.4 cases per million inhabitants in France and approximately 1000 new cases per year. 3 In Belgium, Kiekens examined the cost of SCI patient management, the mean cost for tetraplegic inpatient rehabilitation was $51 000 4 and, in Spain, total mean lifetime cost for an individual with an SCI would be approximately $170 000. 5 Pressure ulcers, which have daunting life-long clinical and social consequences in this population, may account for 25% of the overall cost of treating patients with SCI. [6] [7] [8] A relationship was reported between the time before initial admission for management in a specialized SCI unit and the incidence of complications. 9, 10 Comparison of healthcare service data worldwide as a function of health systems and treatment choices for patients with SCI 11, 12 is important, according to the framework of the Global Disability Action Plan 2014-2021 of the World Health Organization (WHO) and its associated report 'International Perspectives on Spinal Cord Injury'. 13 Laws have mandated organization of the French health system into administrative zones consistent with 27 'regions' (18 since January 2016), divided into 22 metropolitan and 5 overseas regions. This system binds each 'Agence Régionale de Santé' (ARS, Regional Health Agency) to the government via multiannual agreements specifying objectives and resources. The ARSs mainly evaluate the implementation of organizations and care actions in all health care establishments of a region-including physical medicine and rehabilitation (PMR) departments-by the IQSCs, which provide information regarding the adequacy of practices and lead to financial incentives as part of the quality policies. However, the National Public Health Council reported health inequalities among regions.
14 Additionally, a French study using a territorial approach carried out in 2000 indicated that a national annual mean of 6 new traumatic SCI patients were treated in PMR departments (including those very occasionally admitting SCI patients) with considerable variability among regions. 3 The eradication of certain infectious diseases during the 20th century has essentially reoriented the mission of PMR departments toward accidentology, which is the main cause of traumatic SCI. A particularly strong road traffic injury prevention policy was implemented in France at the end of the 1970s that considerably reduced road deaths. 15 A French law for disabled people was also passed in 1975 that outlined the foundations for social reintegration, thus favouring an expansion of PMR departments involved in SCI patients' rehabilitation. 16 Since then, the continuous reduction in road mortality has been associated with a stable number of level 5 (including traumatic SCI) cases according to the European Maximum Abbreviated Injury Scale (M.AIS: six levels increasing in severity).
15,17 A ministerial circular based on 'good practice' provided a scheme of healthcare organization at a regional level for the initial care of acute traumatic SCIs in 2004. 18 It is first an emergency transport system organized for high reactivity and direct orientation towards the nearest suitable structure. Subsequent transfer to a PMR department that belongs to an SCI network managing !20 new cases per year was recommended in the circular. This circular has not been published in the Official Journal of the French Republic, is therefore not enforceable and is consequently respected in very different manners among French regions. After the 'upstream' phase of the health services network (emergency medical services, intensive care units, neurosurgery and/or orthopedics), a patient could be initially admitted in a PMR department that manages few annual cases and eventually transferred to a referral SCI unit (!20 new cases per year) within the same region. These secondarily admitted patients could present complications, notably pressure ulcers, acquired from the previous steps. A change of region can be carried out after stabilization of a patient's general state, especially for family reunification or because of a lack of referral SCI units in the region, subject to prior agreement of the regional health insurance.
Therefore, we compared management among regions that we hypothesized to influence the strictly isolated management of PMR departments. 'Evidence-based management' (EBMgt) is an important factor for improving health care systems, particularly for chronic conditions. 19 Our research hypothesis was that, within the regional health care system in France, pressure ulcers would be less frequent in people with traumatic SCI and tetraplegia (TSCIt) who were managed early after their trauma in regions with significant experience (defined as 'knowledge acquired by a community as a result of training and summarized in terms of generalizations' 20 ).
Methods
Our study design was based on crossing two available studies concerning SCI people in France. The first study was the aforementioned study with a territorial approach that calculated the latest incidence rate of traumatic SCI in France in 2000 and included a health services analysis through a national multicentre complex census. 3 We used this territorial study only to calculate a 'level of regional experience (LRE) in specialized PMR'. First, the authors reported the number of new cases admitted annually per French region to all PMR departments that reported treating patients with SCI. Second, each French region contained between 0 and 16 PMR departments that reported receiving patients with SCI. We have determined a LRE variable according to these two indicators, calculating each region's mean annual admission rate of new cases according to its number of PMR departments. Any regional mean was below the recommended 20 new cases and, for our analysis, we therefore decided to follow three regional groups previously described in terms of the number of annual SCIs cases in the territorial approach study to avoid a selection bias caused by an alternative choice. 3 All other variables came from a second study with an individual approach, the Tetrafigap survey, which recruited a cohort of TSCIt patients in 1995 following a European census performed by 35 French-speaking PMR departments. [21] [22] [23] This individual approach allowed us to use pressure ulcers as our main study variable, which was declared by SCI patients at any moment of the early period (i.e. from the onset of SCI to discharge from initial rehabilitation) and at the time of the survey (8 years later on average). The reported presence of pressure ulcers at this latter period was considered current at the time of answering the questionnaire.
The setting of our study was regional healthcare networks that manage in metropolitan France acute traumatic SCI patients and are composed of the 'upstream' departments described above and the 'downstream' phase consisting of the PMR departments.
The Tetrafigap survey included 1641 people aged 18 years or older with a posttraumatic SCI sustained at least 2 years previously. The questionnaire included 137 questions concerning the evolution of the sample's clinical and social circumstances since the accident. 21 Only the TSCIt patients for whom the first PMR department was French were considered to avoid an enrolment bias related to differences in national health policies; therefore, 1318 people could be screened for the current study. The Tetrafigap survey respondents declared 104 French PMR departments as their posttrauma rehabilitation departments between 1952 and 1993 with a progressively larger number of departments reported, especially depending on the year of the accident for the historical reasons reported above. More than half of the 104 PMR departments had at least one TSCIt patient included in the Tetrafigap survey in 1980. We ultimately decided to restrict our study population to the TSCIt patients, whose accidents occurred from 1980, to smooth the distribution of the included PMR departments throughout the country and avoid a selection bias: 374 of the 1318 previously considered TSCIt patients were admitted for initial rehabilitation before 1980 and were therefore not included in the current study, ultimately resulting in a total of 944 participants.
We subsequently analysed variables from the Tetrafigap survey, particularly declaration of pressure ulcers during the early posttrauma period and in the long term, according to the calculated LRE. We previously described certain variables (independence, social network, family network, follow-up, activity and well-being) that had to be constructed because specific tools, such as the French translation of the International SCI Datasets, were not available at the time of the survey. 23, 24 Selection bias control was addressed above. We decided to compare the group with the highest LRE with the other two groups combined. This decision was motivated by isolating the highest LRE because of the unfulfilled recommendations of the 2004 ministerial circular regarding the advisable number of annual admissions of new SCIs. 18 The statistical analysis was performed using version 9.4 of the Statistical Analysis System software. We first described the study population and tried to determine whether certain elements may have determined their referral to the 'high' rather than the 'other' LRE group using a preliminary logistic regression according to clinical or contextual variables that characterized the population. We then determined whether the regional affiliation of the PMR department where initial rehabilitation occurred was consequential at the time of rehabilitation or later. For this reason, we first studied the clinical and social variables reported in the Tetrafigap survey depending on the two LRE groups using univariate analysis (comparisons were performed with a chi 2 test with a significance threshold of P < 0.05). We then performed a series of logistic regressions to determine the relationships between the LRE and the variables concerning main complications after SCI (pressure ulcer, urinary and pulmonary tract infections), rehospitalizations and medical and/ or paramedical follow-up. Complementary control variables were introduced: neurological status (neurological level of injury, completeness), duration of rehabilitation, follow-up and individual characteristics (gender, age, education and occupational status).
Results
Levels of regional experience in specialized SCI rehabilitation Figure 1 shows the regions' distributions according to LREs.
The high LRE pattern received on average at least 8 new cases annually per specialized unit. The second LRE pattern had an annual mean of six to seven new cases. The third LRE pattern had a mean of fewer than six new cases per year. At least one referral SCI unit was present in 100, 75 and 20% of the first to third LRE patterns, respectively. Two regions had two referral SCI departments, including one region belonging to the first pattern and another one belonging to the second pattern. Table 1 reports the sociodemographic characteristics of the 944 TSCIt patients.
Participants
Initial posttrauma referral to a particular LRE was not significantly linked to demographic data (gender, age at the time of the accident), initial neurological status (neurological level of injury, complete or incomplete injury, associated brain trauma, initial tracheotomy) or social status (matrimonial, parental, educational, occupational). Admissions were associated with a particularly close geographical proximity for the third LRE pattern as 72% of patients with SCI in these regions were living close to their initial admission centre (at the level of regional subparts) vs. 24 and 34%, respectively, for the two other LREs (P < 0.0001).
Factors associated with regional experienceunivariate analysis
We compared clinical and social data as a function of regional experience to characterize the TSCIt population after the occurrence of the SCI. Table 2 reports these results according to the 3D approach of the International Classification on Functioning, Disability and Health of the WHO. Both during the early period (from the onset of SCI to discharge from initial rehabilitation) and during the Tetrafigap survey (8 years later on average), pressure ulcers were significantly less frequently declared in the regions with high levels of experience with the initial rehabilitation of SCI patients.
Specific effect of regional experience-multivariate analysis
The results of the logistic regressions comparing the probability of complications and follow-up elements as a function of regional experience when all other factors were equal are shown in table 3 . SCI management with a high LRE was associated with a lower occurrence of pressure ulcers during the early period and in the long term (8 years post-trauma on average). Early management with a high LRE led to more rehospitalizations after discharge from initial rehabilitation and until the time of the survey. Follow-up by the general practitioner and, to an almost-significant degree (P = 0.05), by the PMR doctor was more common when early-phase treatment occurred in a region with a high LRE.
Discussion
Pressure ulcers during the early posttrauma phase were less frequently reported in our high-LRE group, and this difference in the declaration of pressure ulcers remained significant 8 years on average after SCI. We also noted more frequent rehospitalizations after discharge from initial rehabilitation among those who received early treatment in a high-LRE region.
We justified the choice of comparing regions, and essentially their partially autonomous organization, rather than the level of specificity between PMR departments above, which requires comparison through different methods that we envision with an updated census and prospective studies of SCI patients' trajectories. The link between LER and pressure ulcer could be considered a limited approach when the only available territorial data came from the nationwide 2000 survey, even if individual and territorial surveys were nevertheless both contemporary. Our data based on selfquestionnaires may have been subject to error due to memory or interpretation effects. The TSCIt patients were not required to report the grade of their pressure ulcers, as they often have more difficulty remembering the grade compared with the consequences (bedridden status, rehospitalization etc.) of the ulcers. Our study only included TSCIt patients. No difference in the incidence of pressure ulcers between paraplegic and tetraplegic patients could be systematically demonstrated in the literature. 23, 25 Furthermore, the incidence of nontraumatic causes of SCI could be greater but would probably have similar secondary consequences. 26 Finally, the same TSCIt patients surveyed in 1995 were questioned again in 2006, but the loss to follow-up associated with the restrictions of our methods did not allow us to follow our working hypothesis up to this second survey period.
To our knowledge, our study is the first using methods allowing a national-level analysis of procedures for the early posttrauma treatment of people with SCI. The previous territorial approach, which served as the foundation for our study design by regions, showed that only 38 of the 148 reporting units received at least 6 people with SCI per year (national mean), and only 12 units received more than 20 patients per year. 3 In our opinion, a dilution of experience may exist due to the referral of new SCI cases to miscellaneous PMR departments within a region; this practice probably modified the level of truly specialized units, leading to a lower mean LRE within their regional system. More than half of the TSCIt patients in our study declared pressure ulcers in the early posttrauma phase, including those in the high-LRE group, suggesting that our cut-off of eight new cases per year is insufficient. 18 In 2005, the French Academy of Medicine recommended the implementation of $12 specialized referral departments whose distributions would be adjusted to the population base. 27 This recommendation has not yet been implemented. Since the complication rate was lower for pressure ulcers in the high-LRE group, the higher rehospitalization rate in high-LRE regions may be attributable to more systematic preventive medical follow-ups 28 rather than rehospitalizations for complications. 29 The duration of rehospitalization was not specified in the Tetrafigap questionnaire, but in-house clinical and complementary assessments are routinely carried out in a day hospital or with a maximum of one-night stay (e.g. for furthest people), which may be cost-efficient in a preventive programme but remains to be evaluated.
Early pressure ulcers have previously been identified as a major factor predicting skin breakdown recurrences, limited social TSCIt, People with traumatic SCI and tetraplegia participation and mortality. 22, 23, 30 Our methods did not distinguish the moment during the early interval and the care system with respect to the 2004 circular where the pressure ulcer occurred. 18 The literature has less systematically highlighted 'EBMgt' for preventing secondary complications compared to addressing general risks (age, gender etc.) or medical risks that are intrinsic (complete or incomplete lesion, social reintegration etc.) or extrinsic (smoking habits, psychiatric context etc.) to SCIs. 7, 25, 31 Several authors have reported an early pressure ulcer rate of $30% upon admission in SCI rehabilitation centres 25 or specifically during US Model System acute care or rehabilitation in SCI centres. 32 In our opinion, the lower rates in these studies compared with our findings can be explained by the potentially multivalent nature of early management in our study. British and Italian authors also reported higher rates of skin complications in SCI patients who were not managed immediately in a specialized unit.
11, 33 Richardson and Meyer found that pressure ulcers were more common in 'non-system settings' for patients with the same clinical SCI features. 34 The item 'hospitalization for first rehabilitation' within a Swiss specialized department was a significant pressure ulcer risk factor, with a rate of 54.3%, which is similar to ours for the high-LRE group. 35 A delay due to a lack of available beds in an SCI unit would not be cost-effective and may be potentially related to complications that could occur 'upstream'. [36] [37] [38] The transfer of patients for rehabilitation also depends on the 'upstream' departments' priorities and perception of what a 'downstream' referring PMR SCI unit should be for various reasons (delay of transfer, proximity, habits, experience, legal obligations etc.). 37, 39, 40 We reported a protective link between regional experience and early treatment of tetraplegic people on a national scale. This was evaluated for early pressure ulcers, the risk of which has been designated a marker of the quality of French health care institutions and whose occurrence is a negative clinical and social marker throughout the lifespan of individuals with SCI. In our opinion, efforts should first be directed towards prevention of a dilution effect between specialized SCI units and more polyvalent PMR departments within each region, with the scope of an inter-regional organization that would coordinate referral SCI units and local health care networks. The implementation of this system should be supported by a prospective medical-economic study.
Key points
Pressure ulcers have daunting life-long clinical and social consequences in patients with spinal cord injury (SCI) and may account for 25% of the overall cost of treating paraplegic and tetraplegic persons. We accessed data from an individual approach survey, the Tetrafigap study, which questioned a cohort of tetraplegic patients about their whole trajectory and life conditions, and second, data from the most recent French territorial approach survey concerning persons with SCI. Both during the early period (from the onset of SCI to discharge from initial rehabilitation) and in the long term (8 years later on average), pressure ulcers were significantly less declared in the regions with high levels of experience with the initial rehabilitation of SCI patients. Efforts should first be directed towards prevention of a dilution effect between specialized SCI units and more polyvalent physical medicine and rehabilitation departments with the scope of an inter-regional organization that would coordinate referral SCI units and local health care networks
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